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EXECUTIVE SUMMARY

Field studies were conducted on the Holston River in the vicindey
of Holston Army Ammunition Plant (BAAP) near Kingsport, Tenn. to obtain

hydrological and environmental parameters necessary for the computer

AR DU

modeling of the fate {(loss and movsment} of the munitions-related water
pollutants, 2,4,6-trinitrotoluene {TNT) and nexahydro-1,3,5~trinitro~
1,3,5triazine (RDX}., Holston River water samples were collected at G,
4.5, 7.9 and 33.0 km frowm the discharge point and anelyzed for TNT and

RDX as a means of validating the concentration-time dependent predictions

L e SRR R 27 T A SIS

of the computer model.

A one-dimens snal compartmentalized river system was found to
accuratzaly predict RDX concentrations at distances greater than 20 km

from the discharge point where the HAAP discharge stream becomes uniformly

e e S o

% [ distributed in the Holstoun River. Up to 20 km, the waste stream is not

uniformly distributed and a two-dimensicnal compartmentalized river
. system was developed to account for the lateral dispersion effect of

HAAP waste streams in the Holston River. The transformation of RDX by

s 1 e Ayt e

environmental processes was determined not to be significant over the

studied river reach (33 km)}, and therefore, the two-dimensional model

1 e e

network describes the dilution processes in the Holston River,

1 and

A pseudo-first-order photolysis rate counstant of 4.0 day~
pseudo-first~order bilotransformation rate constant of (,03 day "1 for
TNT were estimated from laboratory studies and field data. Using the
two-dimensional model, concentration-time dependent curves were constructed
to predict the concentration of TNT as a funetion of distance and location
(North Bank, Center of River, and South Bank) in the Holston River. Due
to the low input of THRT into the Holston River during the field study,

sufficient data could not be collected to validate the model for TNT.

We were able, however, to determine that the laboratory estimated photo-
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chemical rate constant was consistent with that measured in the Holston

River.

Field study data collected for the compounds l-acetyloctahydro-
3,5,7-trinitro-1,3,5,7-tetrazocine (8EX), l-acetylhexahydro-3,5-dinltro~
1,3,5-triazine (TAX), and octahydro-1,3,5,7-tetranitro~1,3,5,7-tetra-
zocine (HMX), suggest that these munitlons-related watex pollutants do

not transform readily in the Holston River.
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I INTRODUCTION

The U.8. Army is {o the process of ansessing the hazards associated
with sunitiong~related water pollutants in the agustic envircament. Part
of this assessment iz developing an undevstsnding of the loss and aovement
{fate) of polliutants when acted upon by variocus envirommental processas.
In Phase IT of our enmwirommental fate assessment progras (Spanggord et
al., 1980b), we identified the dominant traneport and transformstion
processes affecting the persistesce of 2,4, 6~trinitrotoluene {IWTY, hexa-
hydro-1,3,5~trinftro~1,3, >triazine (RDK}, 2,4~Finitrvotcluene, apd
trinitroglycerin in the squatic environment. We 3lso applied the SRY
aguatic computer model to selected water bodies receiving munition wastes
to generate councentrations of pollutants as a fuunctien of time, which
would allow the estimation of pollutsnt concentrations st wvariocus

Iscations dowastreas from the discharge point into these water bodien.

The SRI Imternational aquatlic fste model can be used to estimate
pollutaut concentrations reaching downstreasm water iatake supplies, to
estimate exposure levels to various aquatic and mammalian populations, and
to estimate pollutsnt coacentrations at plant boundarfes in the event that
regulatory agencies establish guldelines for the pollutaats deing disg-
charged. Because of these potential uses, it becomes important to esta-
blish the reliability of the wodel to predict pollutant couvceantratiouns
under & given set of environmental conditicus.

The objective of this study was to validate the SRI computer model
used in Fhage II by selecting s water body receiving munitions wastes,

determice the various envirommental input parameters From field msasure-

meuts, predicrt pollutant concentrations at selected locations in the water
body, and compare the predicted velues with actual values obtalned during

the fiald study. The chemicals selected Ffor investigation were INT and
RDX.




:
;
:

The results of this study can be used to escablisgh the degree of
confidence la the SRI o»r similar EXAMS nodel for estiosring pollutant
concentratione and the extent to which thesa wmodels may contribute to the

overall hazard zassessment of munition-related water pollutants.




1T BACKGROUND

A SRI International Model

The study reported herein is baged on the application of the SRI
International Computer Model (hereafter called the SRI model) to sstimate
the concentration of pollutants in the Holston River emanating from the
Holston Army Ammunition Plant (HAAP) near Kingsport, Tennessee.

The basic wmodel was developed under contract with the U.S5. Envi-
ronmental Protection Agency (Smith et al., 1977) and was applied to the
‘Holston River with some modifications. The model requires information on
the hydrologlc parametars of the site under investigation and the rate and
equilibrium constants for the major transport and traunasformation processes
that act on the chemicals of interest. The hydrologic parameters are de-~
termined from field study wmeasurements, and the rate constants are
obtained from laloratory studies using the natural water from the site.

The simplest form of the SRI model used to degeribe a flowing river
is the one-~dimensional compartmentalized river system. A diagrawm of this
version of the medel fs shown in Figure 1. In this case, a section of the
river 1s described as one compartment with fixed dimensions of length,
width, and depth. This compartment (water compartment) interscts with one
sediment compartment directly below ir. The chemical disappears at an
overall rate controlled by the major kinetle and equilibrium processes
establighed for a specific water body. A river simulation is constructed
by Jjoining cowpartments together, and the loss of chemical in each com~
partment is determined by the length of time the chemical resides in the
compartment and the rate constant for tne dominant fate processes. The
residence time is calculated from the river flow velocity. Therefore, the
input parameters that are required to operate the wodel, once the rate and
equilibrium constants have been meaaured, include length, width, and depth
of the compartment, river flow velocity, initial chemical loading, and pa=~
rameters that are unique to specific transformation or transport processes
guch as light intensity (photolysis and oxidation), aferobial population
{biotransfornation), pH (hydrolysis), and wind speed (volatiliszation).
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FIGURE 1 PHYSICAL CONFIGURATIONS OF THE COMPARTMENT AND
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One of the major assumptions of this wmodel is that each compartment
is a completely mixed reactor. To account for cases in which the disrri-
bution of a chemical across the river is not uniform, we employed a two-
dimensional compartmentalized river system iIn which lateral fiow wveloce-
ities describe the movemant of the chemical acrosa the width of the river
{¥igure 2). In this case, two ¢r more compartments are formed across the
river width. The wmovement of water from compartment 1 to compartment 2 is
equal to the movement of water from compartment 2 to compartment 1. Lat~
eral flows betweaen compartments 2 and 3 are described similarly.
Therefore, comparrments bherdering the discharge bank will dilute con~
tinually uncil homogeneity 18 achieved across the river. When homogeneity
is observed, through either dye studies or the monitoring of persistent
chenicals in the river, then the lataral flow velocity may be calculated

from distance and river flow velocity messurements.

B. Mathematical Description of Fate Processges

Based on our Phase II studies (Spanggord et al., 1980h), the
processes thar should be conslidered to describe the loss of TNT and RDX

are photolysis, blotransformarion, and sorption.

1. Photochemical Rate Constant

Photolysis can be described by a first order rate expreasion

{(Equation 1)

-d[¢
= ere Y

where the rate of loss of chemieal, C, 18 equal to a psendo~ficrst~order

tate coastant, kp, times cthe chemical concentratfon, [C}l.

The rate constant is a funmetion of the sunlight incensicy, which
varies with the tise of day, season, latitude, weather conditions, and the
1ight sesttering properties of the weter body. To eccount for the

variations in kp, the rate constant msasured in the laloratory {(sunlighe)
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FIGURE 2 PHYSICAL CONFIGURATION OF A TWO-DIMENSIONAL
RIVER SIMULATION




at a particular time of day was recaleulated by a model program (PEOTO)
usling Equation 2

' 3% T
sin [-5- {t=~6) 33 + 1.0
kp - k'p 2 (2)

where k; ig the photolysis rate constant at noon, and t iz the time of
day. This equation assumes a 12-hour sunlight day starting at 6 AM and
ending at & PM; kp reaches & maximum at 12 noon and is sero between & PM
and 6 AM. A plot of kp versus time of day appears in Figure 3.

2. Riorransformation Rate Constant

Biotransformation ip a natural wataer body is believed to occur under
counditions involving a2 large microblal population and a low chemiecal con~-
centration. Under these conditions, the rate of losa of chemical can be
degeribed by a first-order rate expression (Equation 33.

-E -k 3

where k{, {s the pseudo-first order rate constant. This constant is
dapendent on the microbial populatfon. To account for cases in which the
microbial population wvaries, the model eumploys a second-order rate
expression shown in Equation 4.

- %‘;‘— = ko {X]I[C] (4)

where kbz is the second~order rate constant and [X] {s the microbial

population. The ky» value 1s calculated from k{, and [X} using
Equation 3.
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ko= ki/ (X (5

3. Sediment Sorption Partition Coefficient

The sediment sorpition partition constant is obtained from the
enpirical relationship shown in Equation 6,

1/n
Cﬂ - kicwj %)

where {C,] is the amount of chemical sorbed per mass of sediment, C, is
the amount of chemical per umit volume of water, and n is a constant. At
equilibriwn and low chemical concentrations, n ig often nearly equal to
1. Under these conditions, the sediment sorption partition coefficient X
1s defined as Bquation 7.

(n

K, is determined in the laboratory using gediment from the water body

under investigation and is applied directly into the model.

C. Model Input-Outrput Computations

Based on the above discussion, the model input parameters include
compartment volume, the phoiolysis rate constant extrapolated to noon, the
second~order blotvansformation rate constant and the microbial population,
the sediment sorption partition coefficfent, and the chemical loading into
the first compartument. Sediment settling and scouring rates (calculated
from sediment loading data at geveral locations) are alse determined to
estimate the fraction of chemical that is not returned to the aqueous
phase.




From these data, the model caleulates the concentration of chemical
trangformed and the distributien of chemical between the sediment and
A flow chart of the SRI wmodel for the eunvironmental

" aqueous phases.
: agsessment appears in Figure 4.

b e

N
.

The model output comnsists of changes In chemical conceatration and
mass in the aqueous and sediment phases of each compartment. Chemical
concentration at aany point from the discharge point in the water body can 1

then be plotted as a function of time.
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FIGURE 4 FLOW CHART OF THE SRI MODEL FOR ENVIRONMENTAL ASSESSMENT
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III HMETHOD OF APPROACH

A. Site Selecrion

To validate the SRI model, we chose to study the Holston River, which
receives wastes from the Kolston Army Ampunition Plant (HAAP) in Kings-
porc, Teanessee, This river was selecred becauae bdboth INT and RDX are
diacharged simultaneously inte 1r, and because we had established the

dominant tramsport aud transformarion processes for these chemicals in our
Phase 1I laboratery studies. Since RDX was expected not to transform
rapidly ia the eanviremment, this chewical could serve ag a marker compound
to estimate the dilution process of waste streams entering the Holston
River from HAAP.

A map of the Holgtor. River In the wviciunity of the HAAF appears in

L _ Figure 5. The major input of TRT and RDX to the Holston River comes from
© the RDX lines 1-5 at Site A {(viver mile 13%.1, laritude 36 31°749™,
g longitude 82° 38' 17*). We selected sites 4.5 km (Site B: river mile
136.3, latitude 36° 31' 30", longitude 82° 40' 53"), 7.9 km (Site C:
river mile 134.1, latirude 36° 23! 52", longitude 82 41' 027), and 33.0 km
(Site D: river mile 118.5, latitude 36° 28° 08", lengirtude 82° 51' 00)
downstream from Site A 28 edditional samplinog pointsz, With these selected

sites we expected the 'INT concencration to show a significant losa but the
RDX concentration to show only a small loss by the time wastewaters dis-
charged at Site A reached Site U, Therefore, by measuring the tconcen~
trations of TNT and RDX ar these four sites, we could obtain sufficient
information for the model validation.

We also uweasured concentrations of EMX (octahydro-1,3,5,7-tetranitro~
1,3,5,7-tetrazocine), SEX {l~acetyloctahydro~3,5,7-trinirro~1,3,5,7~
tetrazocine), and TAX (l-acetylhexahydro-3,5-dinitro~1,3,5~triszine),
which are discharged from HAAP and also appear at the four collection
sites. Although we did not invegtigate the enviroonmental fate of these

compounds, our analytical wmethodology was developed suffictiently to
mouftor these compounds aleong with TNT and RDX, These data may be valu-

able to the Army when knowledge about the fate of these compounds is
desired.

12
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B.  Sampling and Hydrologic Data

The collection of water samples and hydrologlec dats on the Holston
River was performed by the U.S. Geological Survey (US6S) under the
direction of Dr. Roberr Livesey from the ¥ooxville, Teanessee office.
Since the Holston River 1s approximately 120 meters wide, water samples
and hydrologic data weve collected from boats. Cables were secured across
the rviver ag eachk sanpling cire, and markers were placed on the cable
approximsately & meters apart. With the boat attached to the cable at the
marker posirion, the acquisition of samples and data began.

Warer samples were collected at each sampling location In anmber
I-1lirter bortles using depth-integrating samplers (Cuy aod Horman 1970},
with this procedure, the water was sampled as an average of the wster
column at sach location. The bottles were labeled and stored in ice until
cransferred to the laboratory.

Water samples were alsc collected at every other asmpling point for
turbidity and guspended sedimant analyses. Turbidity analyses were per-
formed by persomnel at the University of Tenonessee in Kmoxville and by
personnel at the Holston AAP. Sugpended sediment analyses were performed
by the USGS in Nashville, Tennessee.

Sediment was collected from the middle of the Holston River at each
site along with a warer sample for the determination of total microbial
counts., Total microbial counts were determined by Ma. Katheryn Renyon of
the U.S. Army Medical Bicengineering Research and Development Laboratery
using the ssrial dilution tachnique {(Bordner and Winter 1579). Sediment
gsauples were analyzed for TNT and RDX by SRI personnel.

At each aampling location, flow velocity and depth messurements were
made by USGS persomnel according to standard procedures (Buchanan and
Somers, 1969). The flow velocicy and depth of the RDX lines 1-5 were slso
daterained by USGS personmel. Flow velocity and depth determinations of
MY lines 1-7 and Arnott Creek were estimated by SRYI persounel.

14
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G Detsrminarion of THT, BDY, BMY, BBEX, and TAX

The water samples collected Frowm the Holaton River were analyzed for
TRT, RDE, EMX SEX, znd TAY using erxtraction, concentration, and high-
porformance iiguid chromatographic (HPLCY techniques.

Approzimavely 1 1iter of water collected {n am amber bottle with
teflon cap was filtered through 2 8.4%-p Millipore Filter using vacuum
filrration. Samples of the filrrare (2025 wl} were placed in glass vials
for analysis by direct agqueows inlectioes inte & high-performance ligquid
chromstograph. The recaining filitrate was ueasured to the nearest 5.0 =i
in a graduaved cylinder and added to 3 2.0-1iter separatory funmel.

The water sample wvas extracted with 200 wl of dichloromethane
(Burdick & Jackson, BPLC grade} with vigorsus shakivcg for 30 seconds. The
extract was fiitered through 10-15 grams of anhydrous sodiuve sulfave uaing
vatuum filtrarion. The extraction of the water was repeated three tises
with 100-m]1 porcions of dichloromethane.

The dried extracts were combined, vraosferred to s I-liter round-
bortomed flask, and copcentrated to ~ 5 mi using a Buphi rotosevaporator
with a water bath temperature of 45°C.

The extracts were traasferred to &—-dram glass vials by piper, the
fiask rinsed several times with dichloromethane, and the rinses added to
the visl. The vials were capped wirth & Teflon linsrs, wrapped in aluminus
foil, 2nd transported by alr with the water samples to SRI for aspalysisa.

The extract was evaporated to dryness using a gentle srream of
nirrogen. The residue was dissolved in 0.9 o 1.8 o1 of the HPLC moblle
phase (651 warer, 35X methanol), aud an internal standard (3,5~dinitro-
toluene) was added. The resulting solution was analyzed by BPLC under the
followling couditiona:

i5
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Instrunent: Spectra-Physice Model 35008 Liquid
Chromatograph
Column: Radfal Pak A~C,, cartridge in a

Water's Radial Compresaion Module

Solvent program: Methanol/water (35/63) + methanol/water
{65/35) 1in 30 win linear gradient

Flow rate: i+2 ml/ain

Detection: v @ 254 nm

Retention Time: 217 & SEX; 277 s TAX; 420 s HMX; 627 s RDX:
1288 s TNT; 1705 3,5-DNT (internal standard)

Injection volume: 100-200 pl

T Tt

4 typical chromatographic profile appears in Figure 6.

The concentration of each cowmponeat was determined by the internal
standard wmethod uiing peak area wmeassurements dJdatermined by a Spectra-
Physics “Minigrator” digital integrator. In some extracts, interfering

peaks coaluted with the {internal staundard. In these ceses, compounent
coucentrations were determined by the external standard method.

The concentration of each component calculated by the peak area
determination was then corrected for recovery using precision and accuracy
data developed from spiked natural water samples.

Precision and accuracy data were obtained for all six compounds in a
natural water (Seargville Pond, Stanford, CA) over three concentration
levels including 0.001 mgs™), 0.025 mg!™}, and 1.00 wg?™l. The percent
recovery and the standard deviation {(R.5.D.) for each compound at each

h
3
5
i
{

e

concentvation level appear in Table 1.

Ths percent recoverfes over the three concentration levels were
averaged as shown in Table 2 and these recovery factovs were applied to
the calculation of each wunition component. With thege wvalums, good
agreement was observed between those sawples that could be analyged by
direct aqueous injection {no extraction) and the extract of the same
saupla.
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D. Sediment Analyses

Sediment samples collected in glass jars were allowed to gettle, and
the aqueous phases were decanted from the jJarg. An aliquot of che re~
maining suspension was weighed and dried overnight at 120°C. The bdefore
and after drying weights of sediment gave the water content of the
sediment. The sediment suspenaions could therefore be handled withour
altering the sedimenc propeuties.

A sediment sample was analyzed by stirring approximately 100 g of
moist sediment with 100 ol of ethyl acetate in an Erlenmeyer flask for 3
hours. The ethyl acetate was decanted, an additional 50 ml of solvent was
added, and the suspension was stirred for 10 minutes. The solvent was
decanted, combined with che first extract, and retary-evaporated to
dryness. The residue was digsolved in a few milliliters of methanol. The
resulting solution was pasgsed through a C18 Sep~Pak as a cleanup step and
washed with a soall amount of methanol, and the eluent was evaporated to
dryness with a gentle sctreas of nitrogen. The residue was digeolved in a
methanol:water wixture (50:50) and snalyzed by HPLC as described
praviously.

E. Confirmatory Analysea

The presence of low levels of INT, 4~amino~2,6—dinitrotoluene (4—A-
2,6~DRT), and 2-amino~4,6~diunitrotoluene (2-A~4,6-DNT) found by HPLC was
coufirmed by gas chromatographic analysis and wmass spectrometric analysis
performed uvnder the following conditiona.

Instrument: - Varian 3700 Gas Chromatograph

Column: 1.8 m x 2.0 mm glass column packed with 3%
§P2100 on 80/100 mesh Chromosorb W-RBP

Temperature: 180 (4 min hold) + 230 € 2° min~}

Flow rate: 25 ml min"! N,

Detector: Electron capture (ECD) or an LKB 9000 nass
spectrometer
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AVERAGED PERCENT RECOVERY OF MUNITION WASTEWATER CHEMICALS

Compound

Table 2

FROM SPIKED NATURAL WATER®

Percent Recovery + R.S.D.

20

50.4 £ 12.9
67.3 + 9.8
9.2 + 5.5
95.9 £ 6.}
8%.9 ¢+ 7.0

8Ratural water from Searsville pond, Stanford, CA.
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Gas chromatography with electron capture detection (CC/ECD) was based
on compavative analysis with the retention times of authentic standards.
Mass spectromerric identification was based not only on retention time but
also on single ion monitoring of major ion fragmeunts {m/e = 210 for TNT;
w/e = 180 for &4-A-2,6~DNT and 2-A~§,6~DNT).

Samples were collected from cthe HPLC according to their elution
volume, concentrated to dryness using nitrogen gas, and dissolved in a
small amount of mechanol before gas chromatographic analysis.

¥+ Rate and Bquilibrium Conerants

The photochemical rate constant for TNT was measured io North and
South Fork Holston River water obtailned upstrsam from the HAAP discharge
lines. INT was sapiked into the water, and photolysls experigents in
sunlight were performed under several conditions-—— in filterad sterilized
water in borosilicare tubes and in 10 om x 200 ca open crystailiziag
dishes and in unfiltered water contafning suspended sediment in open
dishes. The TNT concentrations were measured as a function of time, and
the rate constant was calculated from the integrated form of Equation 1
shown iu Equation 8§,

0
in kpt {8)

where G and C. are the TINT concentrations at times zero and ¢,
Regression of In C versus t gives the glope kp.

Pseudo~firsc~order rate coustants for the photoiysis of RDX and the
bilotransformation of TNT, as well as che TNT and RDX sorption partition
coefficients, were obtained from our Phase I1 report (Spanggord et al.,
1980b). A second-order rate constant for the biotransformstion of TNT was
obtained usaing Equation 5.

21
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IV RESULTS

The field sampling studies of the Holston River took place on April
22 and 23, 1981. Weather conditions were hazy and sunny on April 22 and
rainy oa April 23, Rains from earlier in the week in West Virginia
created above average flows {runoff) in the North Fork of the Holaton
River; however, the river receded during the collection of data.

On April 22, the total flow contributions from the North and South
Forks of the Holston River were 71.5 mis™! and 22.2 m3s™! respectively.
On April 23, flows were 73.5 m3s™! and 21.6 m3s™1, respectively. These
values were obtained from upstream gaging stations on each fork. Flow
reagurements downstveam at Surgolnsville gaging station (Site D) were
120.8 m¥ 71 on April 22 sand 89.9 m® s} on April 23.

A. Hydrological Data
1. Streambed Contour and River Flow Velocity

From the depth measursuents at each sampling locatien (Table 3), we
constructed & stresmbed contour for each of the four sites investigated.
Contours for sites A, B, C, and D appear in Figure 7. At each gection,
the cross-sectional area was calculated (distance between sections times
depth) and summed across the width of the river to yleld a total cross—
szctional area. The total cross~sectional asrea was divided by the total
sunmed flow rate to yield the river flow velocity. These data appear in

Table 4. The flow velocity was used to estimate the residence time of the
water in each compartment.

The flow rates at sites A, B, and C vary within 4X, which may be due
to the natural transportation of water iInto and out of each site or the
accuracy of the measurewent. However, a large reduction In total flow was
noted between Sites C and D (17X). Seepage may be one factor contributing
to the loss of water; however, no causes for this loss were identified.

2. Water Quality Parameters

Water quality parameters including temperature, pH, dissolved oxygen,
and conductivity were measured at each sampling stztion. These data
appear in Table 5. These data indicate that the Holston River is in good

22




Table 3

DEPTH AND PLOW MEASUREMENTS ACROSS THE HOLSTON RIVER
AT FOUR SAMPLING LOCATIONS

Depth 1ow
(:n;z'l

Site Section Station® Time {feet) gec)
A A- 1 25 9:20 5.7 63.9
A2 40 9:30 6.0 132
A- 3 55 9:35 6.0 139
A- 4 70 9:45 5.3 161
A~ 5 8¢ 9:50 6.1 238
A- 6 110 9:55 5.9 203
A~ 7 130 10:00 6.0 172
A- 8 150 10:10 $.7 182
A- 9 170 10:15 5.5 167
A-10 190 16:20 5.7 173
A-11 210 10:27 545 190
A-12 230 10:32 5.7 189
A-13 250 10:45 6.3 214
A-14 270 10:52 5.7 201
A-15 290 11:00 542 180
A-16 10 11:05 5.1 199
A-17 335 11:09 5.6 162
A-18 360 11:18 5.3 169
A-19 385 11:25 5.0 140
A-20 410 11:30 4.5 190
A-21 450 11:35 4.0 69.6
Total Flow 3524.5
23
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Table 3 {Continusd)

Site B Section Station Tiue Depth Flow
g - B B~ 1 20 11:15 5.1 31.0
2 40 11:21 5.7 83.2
1 ’ B 3 60 11:25 6.5 138
E B~ 4 80 11130 6.5 120
E B~ 5 95 11334 £.9 148
B 6 110 11:39 7.3 150
B~ 7 125 11:43 7.6 135
% 3-8 135 11:49 7.9 118
B~ 9 145 11:57 8.2 121
B-10 155 12:01 8.1 117
B~11 165 12:05 8.4 126
B-12 175 12:10 8.5 106
3 B-13 185 12:15 9.7 133
-, B-14 200 12:19 11.1 189
. B-15 210 12:25 11.3 145
. B~16 220 12:21 11.4 150
B-17 230 12:34 10.6 146
B-18 240 12:40 10.1 143
B-19 250 12:43 9.3 126
B-20 265 12:48 10.4 169
B-21 275 12:55 11.3 180
B-22 290 13:01 10.2 177
B-23 305 13:05 9.9 194
B-24 325 13:11 9.7 183
B-25 340 13:16 9.4 83.8

Total Flow 3412
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Table 3 (Continued)

Site ¢ Sectien  Station Time Depth Flow
¢ c-1 20 14:35 6.0 185
¢~ 2 50 14:38 4.6 251
¢~ 3 70 14: 45 4.5 197
c- & 90 143150 4.3 198
c~ 5 110 15:00 5.6 246
c- 6 130 15:03 6.0 2319
% e~ 7 150 15:06 4.5 179
% c~ 8 170 15312 4.1 1431
: =9 190 15:18 47 176
c-10 218 15:22 3.7 161
. c-11 240 15:26 5.8 274
c-12 285 15:30 6.7 242
. c-13 290 15:40 7.3 331
Cc-14 315 15:45 3.5 164
¢~15 340 15:50 5.0 225
c-16 365 15:55 3.8 175
c~17 390 16.00 3.0 144
c-18 415 16:03 3.8 135
Total Flow 3663
25
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Table 3 {Concluded)

Site D Section Station Time Depth Flow
B -1 15 | 9120 5.5% 22.3
- 2 30 $:30 5.8 0.0
D~ 3 45 9:40 6.0 63.0
D~ 4 &0 945 6.6 74.0
D~ 5 72 9:50 6.2 1.4
D- 6 84 10:00 7.0 76.4
-7 96 10:05 7.1 92.0
D- 8 108 10:10 7.2 93.3
D~ 5 120 10:15 7.0 105
D-10 135 10:23 7.8 140
D11 150 10:30 7.5 141
D~12 185 10:40 8.5 177
D-13 180 10:48 8.2 175
B-14 195 10:50 9.0 192
D-15 210 11:00 9.1 186
D-16 225 11:07 10.6 159
D~17 240 11:15 11.4 239
o-18 255 11:22 13.0 261
D~19 270 11:30 11.0 233
B~20 285 11:37 10.5 277
D-21 310 11:45 8.0 224
Total ¥low 3031.4

*Sration refers to the distsuce from the North Bank (feet).
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FIGURE 7 STREAMBED CONTOQURS OF EACH SAMPLING LOCATION
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ecological condition., Some divergence of the data——such as thar on con-
ductivivy at Sitea A, B, and C——indicates that the river i{s not well mixed

~within the boundaries of HAAP.

3. ‘Suspended Sediments and Turbidicy

The suspended sediment and turbidity were wmeasured ar several
stacions at each site. These data appear in Table 6. The suspended
sediments were found to desremse from approximately 126 mgi ' ac Site A to
22 wgt™! ar Site D. It is expected that the bottom sediment layer will
incresse under rhese conditions. Because both TNT and RDX sorbed to
sedizent weskly, we expect only small losses of these chemicals from the
warer to the sedimenc. Turbidity also decreased from Sice A zo Site D in
a fashiocu similar to the sedimentation.

4., Microbial Popularions

The microbial populscior wss determined from one gection ar sach
sampling site. These results appear in Table 7. The valuss (10 wo 10%
cells ®1™!) are lov compared to the value of 106 cells =l”l usually found
iz & rvunning stream. Higher values were expecced becsuse of waate from
upstresm industries and the high sediment loadings. However, the observed
values were used in the wmodel, aud therefore biotransforsation was
expacted to contribute liccle te the overall loss of TAT or RDX.

B. Iuput Coucencratiouns of Chemicals from HAAP Wastestresas

Thrae wastestreams provide chemical inpur {nto the Holston River from
HAAP. Thedse wastestresms sre the HMX lines 1-7, RDX iinea 1-5, and Arnott
Creaks RBX lines 1-5 were believed to be rhe amjor {aput of INT and
RDX., The BMX lines 1~7 anter the Holston River approxiastely 6060 m above
the RDX lines, vhile Atmotrt Craek enters the Folstou River approximastely &
km downstress from the RDX lines. A sap designating the iaput styeams is
showva in Pigure 8.

The RDX inpur stresm travels through an underground culvert and
surfaces approximacely 15 w from the Holston River, wvhere it mizes with
cooling water. The flow of the scresm prior vo wmixing with che cooling
vater was escimuted at 0.07 u? 87! (2.63 cfs). ‘
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Table 6

SUSPENDED SEDIMENT AND TURBIDITY MEASUREMENTS

AT SITES A, B, C, AND D

Station
Site 2 6 8 10 12 14 15 18 20
Suspended Sediments (p;ﬂg 2~%)
A 121 126 126 124 116 109 103 7% 88 3
B 236 88 99 98 93 90 92 B84 81 85
C 67 &1 90 94 90 87 7 79 12 -
D 2 29 31 2 35 38 34 &4 43 65
Turbidity (mg £~')
A 14 )2 18 15 12 11 12 8 6 3
B 21 17 18 23 26 21 27 2 21 23
C 10 111 12 11 12 12 11 8 8 -
] 2 3 3 4 4 z & 4 4 4
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Table 7

MICROBIAL POPULATIONS MEASURED IN THX HOLSTON RIVER
AT EACH SAMPLING SITE

Sample Plution Raw Counts 8 Avg wl™1b CFU m1 1¢
A7 10° 228, 253, 265 2487 —

16”" 63, 98, 39 667 —

10™* 5,6, 2 43 4.5 x 10°

10™° 0, 0, 0 -— —

107* . 0, 0, O —— -~
B-13 10~° TNTC x 3 - —

wl

10 104, 90, 102 987 —

10™* 3, 16, 11 120 1.1 x 10“

10™° 1, 1, 1 16 -

10 0, 0, 0 _— -
C-11 10° 441, 456, 351 4160 -—

10-* 56, 60, 48 547 ——

10-2 3, 11, 7 70 4.2 x 10°

10~* 0, 1, 0 3 -

10™* 0, 0, 0 — -—
D-10 10° 134, 100, 104 1127 —

1w} 11, &4, 11 87 -

10~* 1, 1, 2 13 1.6 x 10°

10* 0,1, 0 3 —

10~ 0, 0, 0 - -
®colonies per plate.
bAverage number of colonies per milliiter of sample.
cﬁolcny forming units per milliter of Holaton River Water.
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The HMX Iines 1-7 are slso underground until approximately 450 m from
the Holeton River, where che water surfaces, mixes with coolling water, and
travels towsrd the river. The flow of the BMI lines 1~7 was not weasurad
but estimated at 0.07 m3 s”!. When mixed with coolimg water, a stream
approximacely 1.5 n x 0.3 w 1s produced with an estimated velocity of 0.45
m s},

Arnott Creek 1s approximately 7.6 m hy 0.45 m and travels approxi-
marely 900 m to the Holstom River. Wastes emptied into Arnotr Creek are
usually from building washout operations. The Flow rate of the creek was
estimared at 0.83 w® s~1,

The concentrations of TNT and RDX were determined for each
wastestraam by HPLC from samples taken midway between the plant and the
Holaton River 1iag Arnott Creek and from the RDX and HEMX 1lines prior to
sunlight exposure. The input councentravions and mass calcuiationa sppear
in Table 8.

Table 8

TNT AND RDX DISCHARGES INTO THE HOLSTON RIVER

Placharge
Rate _mNT _RDX
Wastestream (a3 &1y ag 171 mg 871 _mg 17! g g7l
X lines 1-7 0.07 0.23 16,1 8.37 586
RDX li{pes 1-5 0.07 0.64 44.8 2.49 181
Arnott Creek 0.33 0.002 1.7 0.18 149

C. Rare and Equilibrivm Constants
1« INT Photolysis Rate Constant

To determine a photolysis rate constant for the TNY wodel simulation,
we messured the sunlight photolysis rate conscants ef TNT in natural
waters in several types of reaction cells and in the presence of suspended

sediments to detarmine how these factors may affect photolysis ratea.
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Te sinulate an envirommental situation in which sumlight irradiates =z
quiescent water body, we chose & flat-bottomed crystallizing dish 5 com
deep and 10 om i{n diasmeter. Table 9 liste data on the photolysis of TNY
in waters from the South Fork of the Holston River in open dighes and in a
pyrex tube. The two dish experimentas used filcered Soucth ¥Fork water in
cne dish sod unflltered water in the other dish, in which che sediment
(collected with the sample} was kept in suspeasion by stirring. The
photolyses were conducted on a clear suany July day between 10:30 AM and
1:30 ™ (high sun angle); therefore, the solutions fn the dishes were
irradiasted through the gurface of che water witwout any filtering of the
light through glass.

Table 9

PHOTOLYSIS OF 0.61 ppm TNT IN RAYURAL WATERS IN PRESIFNCE
OF PARTICULATES AND IN SEVERAL TYPES OF REACTION CELLS®

Meagured Firsv-Order

Solutions and Conditions Cell Rate Constants, gf day‘l
Holston River water Tube 89

{South Fork), 0.2~)

filtered Dish 26
Hoiston River water Dish 18

{South Fork),
unfiltered and sedi~
ment suspended by stirring

Srhotolyeed in July between 10:30 A.M.~ 1:30 P.M.
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The dacts show that photolysis of TNT in filtered natural waters
occurs sbout 3.4 rimes faster iIn the tube than in the dish, The
difference in these photolysis rate constants is wmalnly because of the
greater light flux passing through the tube (360° exposure to light) than
through the dish (light enters ounly from open rop of dish).

The data in Table 9 for the Holston River water alsc indicate that in
unfiltered waters containing sediment, the photolysis of INT will be abour
502 glower than that in filtered natural water. The slower photolysls
rate is due both to light scattering and to light absorption by the
particulates. Our understanding of the effecta of particalates on
rhotolysis rates it natural water is8 incomplere, but obviously such
effects will be {mportant in deep or turbid systems. Therefore, the
saxinum photolysis rate for TNT in the Holscton River s expected to be 18
day™! in July. Using the dats oOf Zepp aud Cline (1977) for light
intensity iu lata spring {(vc correspond vo field ssupling dates), the
photolysis rate constaat reduces to 16 day™l,

In our laborstory and sunlight phorolysis gtudies of TNT, the
experiments have been performed under conditions in which the solutions
are ontically "thin"; such solutions weakly absord light with most
incident 1light passing through. In deep aquatic system of sowe depth,
however, light available for d4niciacing reactions will decrease with
increasing depth. Therefore, the photolysis rats of TNT will decrease
with depcth, and obviously no photolvsis will ocour below the level where
all light is absorbed. Solutions in which must of the incident light is
absorbed are referred to as optically “thick”; {r should be nored that
optically “thick™ solutions may result from a long pathleagth or a high
absorprion coefficlent of the solutlon or both.

As su exsmple of light peuetration intoc a natural water, we have
calculatad the depth of Holston River water at which 9%% of the incident J
light at the gurfece 18 absorbed. This situation occurs when the
abaorptivity of the water exceeds 2.0: chat is when

uk ‘< D >2 (9)
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where @, 1is the absorptivicy ac wavelength A and D ig the depth in centi~
merers. Table 10 lists the depths for several wavelengths in the solar

. spectrume.
Table 10
DEPTHS AT WHICH 99% OF LICHT IS ABSORBED
BY HOLSTON RIVER WATER®
Wavelength Absorbance Depth
A, (o) a, (ca 1) (em)

TR RETIN QRGN P TRV RN

300 0.045 45
350 0.021 _ %
400 0.011 180
450 0.006 330
500 0,004 530

3
As these data show, the 1longer (and less energetic) wavelengths
penecrate deeper into the Holston River water than do the ghorter and more

* energetic wavelengths.

If sunlight were sgimply absorbed by the natural water without
promoting the photolysis of TNT, the effect on the direct photolysis vrate
constant of TNT would be a scraightforward light screening phenomenon that
reduces the photolysis vate of INT (M{1l et al., 1981; Zepp and Cline,
1977). However, since light abgorption by the natural wster is respon-
gible for the transformetion of INT, the estimation of the TNT loss rate

due to photolytlc processes is more complex.

As defined and developed in Part II~C of this reporr , Photo-
chemical Studies of TRT in Natural Waters, the reaction quantum yield
for indirect phorolysis of TNT is given by Equation 10. BResrranging this
equation gives the rate of loss of TNT:

2gample taken in April, 1981.




-t
:‘*.gl@l = K [TNT | = o1 [1-10 A7 rewr) (16)

&s ahown by che dsta in Table 11, the calculated 4 values at 313 opm and
366 mm were roughly the same at the same initial TRT concentrations.
Unfortunately, we could not perfora enough experiments to deteraine at
what longer wavelength the ¢ value would decrease such rthat photolysis
rate of TNT would reach a limiting value (that is, at some less energetic
wavelength, photolysis of TRT would be leass efficlent or not occur due to
fosufficicnt energy). ¥ore studies uneed to be performed before this
approach te estimsving TNT photclysis loss rates can be verified.

Table 11

QUANTIM YIELDS POR TNT MEASURED IN SEARSVILLE
POND WATER AT 313 WM AND 366 MM

[INT]o k(nnz $
2.79 x 1076 3132 8.8 x 1074
2,79 x 1076 3667 5.0 x 1074

An alternative procedure for calculatiug the photolysis rate constant
of TRT in Holston River water (HEW; HEW®* {ndicates asn excited state)
considers the following model scheme:

BRW + HRW* k,
HRW* + TRT + TNT produccts + HEW L.
HEW®* » HRW kd

27, = 1.37 x 105 Einsteins 2! gec! ar 313 m
bzk = 9.85 x 105 Biasteins 2! gec! at 366 um
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vhere k, 1s the rate comstant for light sbsorption by the natural water,

k, is the rate coustaut for productlion of products from resction of TNT
, and HRWS®, and k; is the rate constant for decay of HRW*. The total rate
of loss of THT is defined by Bquatiom 11,

kk
~d(INT} _ ‘o % -
i B, (77 = ke (WD) (1)

where kpg ig a firsr~order rste constant for loas of TNT.

Laboratory experiments that use l-cm diamerver tubes for photolysis
give values of ka for optiecally thin narural water solutions {k::} « The

[

rate constant of interest for modeling the fate of TNT in deep aquatic
systeas is, however, that for the optically thick solution ( k:g ). The

it Ao 2, e 2y o ¢

ralationship between the two rate constants for midday sunlit conditions
i csn be shoun to be dependent ouly on the depth, D, and the & values of
( tae water body sccording toe Equation 12,

™
¢

k Ta ZA
: _EE__ - . .——-—L
v . kTK 2.3 D0 % w;( (12)
pE

i vhere «; is the midday sunlight lutensity corrected for pathlength in &
: water body and Wy is che midday sunlight inteusity incident on the water-
body. Values of %, and W,, listed by Zepp and Cline {1977) for spring
gseagon dates at 407 latitude aund 290 mm to 500 nm, vere used at &y values

megsured for the Holston River water (South Fork), to calculaste the value
of Equation 13.

N

E
~E= = 0.0220 an

ka

Tois equation indicates that for rhe spring season at midday and 40°

latftude the two firse-order rate counstants are equal at a depth of 45 ou;
in deeper watars k:té will ba amaller than k:g .
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To estimate & value of k:g for THT for use in a fare model of the

Bolston River, we assumed an average river depth of 180 cn (6 f£t), used a
value of 16 day~! for kgg as deteruined previously, and solved Bquacion
13 for krg to yleld an enviroomentel phorolysis rate comstant of 4.0
day“}“ at ng.ddny.

2. Other Race and ¥quilibrium Conatants

The remaining rate asnd equilibrium constancs slong with the TNT race
constant used In this study appear in Table 12. The gsediment sorption
partition coefficients were obtained from the Phase II study {Spanggord et
al., 1980b). The bictransformation rate constant was algo taken from the
Phase II study; however, due to the observed low microbial counts, this
coustant was small compared te thar for photolysis. The photolyeis rate
congtant for RDX was also obrained from the Phase II study.

Table 12

RATE AND EQUILIBRIUM CONSTANTS FOR THT AND RDX
USED IN THR SRI MODEL

Particion Photolysis Biotranaformation
Chemical Coefficient (day™ 1) (day~ 1)
RDX 5.0 0.1 —_—
™7 50 16.4 0.03

D. Simularion of the One-Dimenaionsl Compartmentalized River System

For the one-dimensional compartmentalized river system, the Holston
River was divided into &7 compartments of equal lengrth over the 33 km of
the studied river reach. The reach was characterized as four different
segaents with each segment described by the geometric data surveyad at the
gampling esite. These charscterizations are shown ia Table 11.
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Table 13

CEOMETRICAL. IRPUT DATA FOR THE ONE~DIMENSIOWAL
COMPARTMENTALIZED BIVER SYSTEM

Volume Sertiing Rate Seouriang Rate

Reach Compartuencs {1) (X day" 1) (2 day™l)
1 1co$ 1.0 x 108 0.82 2.0 x 107
2 10 to 18 1.3 x 108 0.64 2.0 x 167%
3 19 to &0 0.8 x 10% O.bb 2.0 x 107%
§ 41 to 67 1.4 x 108 0.80 1.4 x 107

The settling rate in esch segment was estimated from the suspended
sedigent meagurements made at each site. We assumed that the sediments were
in equilibriue during the aimulation perifcd. The scouring race was estimated
by assuming that 1X of the suspended sclids were returned to the agueous phase
from the bottom sediment.

RDX was selected for the inirfal investigetion of the ¢pe-dimensional
gystem because ROX is & relatively conservative chemical, and therefore, the
mixing and dflurion properties of the Holaton River could be evaluamted. The
RDX loadings from the HMX lines, RDX limes, and Aruort Creek ware entered into
compartments 1, 2, and 7, respectively. The concentration-time {distance}
dependent profile of RDX predicted by the one~dimensional aystem appears in
Figure 9.

At Site A, the predicted RDX concentration is B.0 ppb. The actual values
found ranged from 21Z ppb (WNorch Bank) to less than 1.0 ppb on the South Bank
{see Section IV-G). The asctusl values found across the width of the river
indicate that the Holston River is nor well smixed. Since the one-disensional
system assuzes a well-mixed reaction wvessel, the applicarion of the model
before the river becomes homogeneous will lead to erroncous predictions. The
predicred and observed values of RDX at each saspllug aite appear in Table 14.
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Table 14

ONE-DIMENSIONAL COMPARTMENTALIZED RIVER SYSTEM
PREDICTIONS AND FOUND CONCENTRATIONS OF
RBX IN THE HOLSTON RIVER

SO PR

Site Predicred Concentrationlpph) Found Concentration{ppb)
North Bepk HMiddle South Bank

A 8.0 212. 1.27 0.5

B 9.6 7.3 12.3 .l

c 9.5 12.5 1n.3 4.6

b 9.3 Fa7 7.1 7.6

From the observed concentrations of RDX, it 18 clear that homogeneity
in the Holacton River is eventually achieved sowewhere between Sites € and
D. At Sire b, where Jomogeneity is achleved, the predicted valve 48 in
good agreement with the observed value.

E. Simulation of the Two-Dimensions] Compartmentalized River Svetenm
Since the one-dimensional comparfmentalized river system could not
adequately describe the concentration profile of RDX pear the discharge

sites, we employed a two-dimensionsl compartmentalized river system that
cousiders both lateral and directional flows to describe the loss and
mnovement of TNT and RDX in the Holston River.

l. Compartmentalization and Lateral Fiow

The Holetou River wae comparimentallized as shown in Filgure 10, where
the lefr-hand compartoents represent the Horth Bank and the righe-hand
compartments repres it the South Bank. Io the tw dimensional compart-
mentslized river system, the chemicals Introduced . o compartment 1 &rea
allowed ro move laterally into compartment 2 as well zs {u the direccion
of the river flow (compartment 4). The HAAP discharge lines enter the
two~dimensional compartmentslixed river sgyastem ar compartments 1 (HMX
lines 1-7), & (BDX 1fnes 1-5), and 16 (Arnmott Creek). The lateral flow
wag estimated frow the dye studies of Sullivan et al. (1977) vhe
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deternined that diascharges from the RDX 1lines 1-5 would not becoms
howsgeneous uneil 10 km from the discharge point {with an inascream flow of
223 wd® §”l).  Asguming an average flow veloclty of 0.43 m s 1, we
¢alculated it would take 6 hours for water to traverse 10 km and ctherefore
6 hours to traverse the width of the river, Therefore, for Sullivan's
atudy, we can estimate the lateral flows at Sites A, B, and € to be 4.5 »
1073 »® 5"}, During the field study, the ingtream fiow was omly 93

m? 87!, or spproximately half of that observed by Sullivan. We therefore
assumed that our lsteral flow velocities would be half of those obsarved
by Sullivan and that homogeneity of che Holscton River would not be
achieved uncil 20 km downstream from the discharge point. Aftrer 20 knm,
the one-dimensional compartmentalized river system war employed for the
repainder of the river reach.

2. Cross~Sectional Area of Each Compartment

To determine the crose-sectional area of each compartaenr, we pilotted
the cumulative flow against the cumulative cross~sectional area from the
data collected by the USGS at each site (Table 1). This ploc appears in
Figure 11. We arbitrarily divided the river into three latersl
compartments with flows of 16.7, 25.0, aad 53 ud 8”1 in the ctransect
direction. We then computed the cross—-sectfonal ares and flow velocity
for each compartment; these data are listed in Table 15. These daca show
a greater flow in the cencer of the river, vaich 1g conaistent with che
obgerved results.
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Table 15

CROSS~SECTIONAL AREAS AND PLOW VELOCITIES OF
LATERAL COMPARTMERTS AT SIYES A, 3, AND C

Site A [] c

Flow X-Area Velocity X-Area Veloclity X=-Area v;lnc_i::y
(u? 571y (w?) _(m a7l (@) (m "}y (?) _ _(ms"1)
16.7 36.7 Q.46 55 0.30 275 O.61
25.0 50.5 .50 &0 0.42 41.% 9.61
53.0 119.4 0.44 147 0.36 99.2 .53

3. BDX Simulation

The resulrs for the simulation of DX concentrations are shown
graphically for the North Bank, Center, and South Bank of the EBolston
River in Pigure 12. The profiles indicate that the North Bank undergoes
contingous dilurion until homogeneity in the river is achieved at 20 ka.
The concentration of RDX in the center of che river increases, exceeds o
downstrean hosogeneous concentration, then tapers off to a constant value
{homogeneity). The South Bank RDX concentration increases coantinually
until homogeneity 1is sachieved. The cransport (sorptism) and trans-
formation (photolysis) processes have litctle effect on reducing the RDX
coucentration over the studied river reach. For example, the RDX coucen~
tration at 20-km, 2.2 ppb, will decreasme to 9.0 ppb at Site D. We expect
only 5% of the RDX ro be transformed over 33 km. Therefore, in the case
of RDX, the two-dimensional coampartwentalized river system describes the
dilution and mixing properties of the Holston River.

F.  INT Simularion Bmploying a Two-Dimensional Compartmentalired

River Gystem

Uning the fnpurt concentration of TNT found at Site A~l, we ran the
TRT siwmulation two-dimenaional compartmentslized river aesystem usiog
photochemical rate constants of & and 16 day !, The concantration~time~
of-day~dependent curves for each rate constant appear in Figure 13 and 14
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for the North Bank of Site A and the North, Ceuter, and South Banks of
Sites B and C. These cuvrves readily sghow the TNT concentraticn dependence
on the photochemical rste constant. Although tha value of 4 day ! was
used in this sctudy (as datevmined from the laborstory studies), thie value
was generated from highly turbid weters due to raing and runoff in the
area. We expect, therefore, that under less turbid conditions, the
photochemical rate comstant may rise to 16 day ! or above in the Holsten
River.

Usiog the photochemical rate constant of & day !, the predicted
profile of TNT concentratfon aa a function of distauce from the discharge
polnt is shown in Figure 15 for the North, Center, and South portiowns of
the Holston Biver at nmoontime. The curves are highly divergent ac Sitve A
due to poor wmixing, and follow a asimilar pattern to that of RDX (Figure
12). The curves converge at 20 km (homogeneity), then decrease as &
function of the photochemical rare coustant. ¥We expect that TINT
concentrations near the plant boundary {8 km) are primarily controlled by
dilution under the conditions of thia srudy.

G. Monltoring Dats From The Holaton River

The concentrations of mmitions-related pollutants being discharged
into the Holston River were determined by HPLC as described in Section
1II. The components were identified by their capacicty factors as compared
to authentic standards. The chromarographic profiles for all the analyzed
samples appear in Appendix 1. We obaerved that the chromatographic
profiles became complex close to the Spouth Bamk. This probably results
from wastes discharged from upstream industries located on the Scuth Fork
of the Holgton River. In some chromatograns the waste producte coeluted
with our interual standard. We therefore calculated the councentration of
the munitions-related pollutants by both internal and external stardard
mathods. The observed concentrations of SEX, TAX, BMX, RDX, and TNT &t
each site and section appear in Table 16,

The data indicate that ar Site A, mosr of the discharge is hugging
the North Bank with litrle digpersion intc the river. At Sites B anmd €,
the lateral transport of chemical becomes evident, snd at Sits D, complete

mixing of the river has bdeen achieved. The dispersion phenomenon is
depilcted in Figure 16 for RDX.
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X 3-5 774 173 03 %98 S9.4 4.6 159 2565
e 37 1687 2696 3164 3160 10.6 113 B3 8370
Arpot Cremx™ 1.6 1.8 74,3 82,3 4.2 487 177 19
R 165 wiB0 198 216 ®49 Fatl 6.9 15.2 109 173
Al Site A, 7.42  7.33 23 233
ap 003 W) .13 8.93 466 &3 264 2.50
ey 2.18 3.18 1.9 2.82 2.50 3.75
A 1.0% 1.14 0.kb o4y
P13 1.83 2.86  0.1F 0.1 2.40 2.61
A 1.05 1.05 1.93 1.93
A7 8.92 9.92 5.67 ©.68
a8t 8.33 0.34 o .23
i 1.01 1.02 1.2 E
FiT 0.68 .64 0.2% 0.27
Al 1.05 0.95 1.07 3.5
AlZ .62 0.58 6.41 0.3
a3 .49 0.52 .81 0.8
ALh 0.33 0.33 1.47 1.43
ast 2.14 2.56 3.0% 3862
AL6 2.27 2.46 G.é6 9.5
A7 ©.57 0.75 1.2 1.59 2.5 2.9
st
st 0.48 0.93 0.7% 1.47
m‘
ant 0.52 1.01 0.92 1.7%
Bl (Site B, 3.76 161 7.28 7.0t 0.2 .23 17.3 16.7
3y &) 4.38 a9 5.56 .53 0,22 0.22 17.9 17.8
83 5.87 5.60 6.19 5,90 2.8 22.7
9% 6.54 $.80 6.92 7.19 1.6 2244
4 6.26 5.77 7.% 7.13 22.6 0.3
B 7.28 7.36 5.45 5.51 20.4 20.8
7 6.41 7.06 187 5.30 18.9 0.5
38 3.67 5.4 .61 345 15.0 1k
»t 5.67 5.28 4,08 4,63 14.5 16.1
20 5.87 6.32 3.8 3.3 12.3 13.1
PA M 4.01 412 3.61 3.7 1.1 11.4
nt 2.67 3.33 2.0% 3.54 8.73 0.2
513 3.41 1.43 1.51 1.92 9.3 9,41
P 1 2.57 2.23 1.83 .3 £.97 8.3%
ais® 2.08 2.3 2.%8 2.87 2,15 $.05
116 1.58 .72 3.0% 3.3 5,03 5.48
27 1.72 1.68 .73 2.67 £.90 6.74
ot 1.19 L 1.8 1.92 .2 5.3
st 0.93 1.9 3.28 1.83 3.08 &.52
et 0.71 ©.57 .10 1.4% 2.36 4.0
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33
8.22
3

o.01

m

3.45
.
0.67
.02

5.03

9.02

a.m

{0.03}
{0.04)
£0.9%)
{0.05)
{0.05)
{(0.04)
0.09
o.17
0.08
.37
{0.02)

{0.01)



Table 15 Soncloded)

Site z.s.‘j%g. i 1% %3. 5. 5. % N x.‘s,”m Bx, 5. 3.5 Bx. 8.
2t 1.03 1.48 1.50 2.4 4,28 $.82
»22 o8 3] o.92 1.3 1.53 3.73
23t 0.75 1,05 1.14 1.58 3.2 448
n25t 12.5 8.6 1.0 17.4 5.4% 0.3
Cl (S5 G, 3.4 3.58 %.29 4.%2  ©.3%5  58.30 2.5 13.1 508 0.04)
e § 3.3 3.59 477 5.16 4.7 15,6
£3 3.13 341 5.36 5.83 1%.8 5.8 0.053
o4 3.48 3.7% 5.50 5.40 15.2 16.6
cs* 2.60 3.49 5.22 7.00 13.9 17.4 {8.06)
o6 .37 3.49 7.57 7.0 4.6 15.9
et 2.52 3.08 5.45 €.37 10.6 12.4
cs z.98 3.23 6.43 7.00 11.6 12,6 ©.01)
) 2.4% 7.56 5.92 5.23 10.6 113 0.013
[+11] 2,80 2.08 3.50 3.77 0.3 10.86 .
et 1.5 2.08 340 4.64 5,89 8.02 {0.07}
a 1.57 1.38 4.7 6.20 2.85 §.5% 5.06)
€13 1.07 1.15 3.36 3.62 6.85 7.40 {0.03)
ast 0.91 b 9511 2.7 3.36 4.56 5.55 {©.63}
cis* 0.69 0,88 1.88 2.41 4.01 .10 $6.01)
cis* 9.71 0.81 2.18 2.50 &0 4.56 ©.07)
art G.65 0.95 1.49 2.11 3.26 4.62 .05
28 6.81 2.83 2.10 1.92 boak 4,08 {0.04)
D3 (sits B, 2.34 2.48 5.35 5.66 7.47 7.43 ©.07)
py 33w
n3* 1.13 1.3 4.03 .80 5.83 .83 {0.03)
73 1.37 1.43 3.9z 3.71 6,91 €.53 {0.03)
3" 1.17 1.47 3.13 2.95 5.87 7.39 {0.02)
6" 2.03 1.98 4.63 £.01 7.43 6,42 0.0
pr* 1.48 1.82 3.3 4.18 4.9% .50 ©.64)
e 1.49 1.48 3.91 3.91 5,49 5.5
%t 0.99 1.53 2.96 4.59 4.50 1.1 0.02)
pIO .92 1.96 4.86 4.95 5,84 5,94 {0.04)
pu* 1.34 2,02 3.41 5.10 5.18 1.73 (5.02)
piz 1.55 1.61 4.2% 4.59 $.20 .47
pat 1.8 2.00 6,06 8.72 5.76 6.38 10.04)
13 1A 2.18 2,32 & 42 & $.42 £.8%
s 1.33 1.41 2.70 2.87 3,67 3.88
mmeé 2.2 .28 4.62 4,80 6.92 7.1¢
P17 2.2 2.32 5.6 5.43 7.7 8.01 0.91}
D18 2.28 3.48 422 4.63 7.98 £.76
ms* . 1.92 .95 5.60 .62 7.42 ©.00
paot 2.08 .3 473 5,30 .80 7.63

Apctracts in vbich isterferences ceused integration of the imtersc) atmnderd to dwriate > 10X
of mxpattad valus.
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Site B {4.5 km)
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FIGURE 18 PROFILE OF RDX CONCENTRATIONS AT SAMPLING SITES
A B C ANDD
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The dara alise show that liztle THT and HMY were beleg diacherged
during the day of sample collection {April 22)}. Ar s11 four sites, many
of the BT snalysis velues were at background levels. This background
concentracion asveraged to 0.03 ppb. Randem OU-ECD sualyses of sample
extracts coufirped the pressuce of TNT, but these results could not bhe
¢confirmed by mass spectrometry.

Dze to the ryapild transformation of INYT in the envirommenr and the
large diletion facrors caunsed by heavy flow, TNT could be derected only &
a faw locaticns. The paucity of analytical dats was sufffcisent ts hinder
rigoroug validation of the SRI Model usimg TNT.

H. Sedimenr Analyses

The sediment extracts were anzlyzed by BPLC &8 previously dea~
cribed. Very large peaks eluted with retencion volumes similiar to those
of SEX, TAX, and HMX, aud the presence or absence of these compounds was
ot confirmed. RDX was identified In the sediments slong with 4-agino—
2, 4~dinttrvotolivene and Z-anmino~4,S~dinitrotoluene. The identificarion of
the larter two compounds was confirmed by probe mass spectyomsrry of
sanples collectzd from the HPLE. A chromatographic profile of Site A
sedimant appears in Flgure 17 and cthe amouwnts of RDX, 4~A~2,6-DNT, and 2~
4~4,6-DNT sppesr in Table 17. The amounts of smino-dinirrotoluenes in the
sediment extracts were confirmed by GC-ECD and GO-MS.
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Table 17

CONCERTRATIONS OF RDX, 4~A-2,6-DNT,
2=~A~4 ,6~DRT FOUND IN HOLSTON RIVER SEDIMENT

Site RDX (ng g 1)  4-A-2,6-DNf(ng g™!)  2-A-4,6-DNT(ng g"1)
A 358 97.3 67.5
B —— 18 .0 3 » 1
¢ - 0.8 0.4
D — <0.3 -

BDX was found only in Site A sediment near the RDX lines 1~5 outflow.
No particioning of RDX to the sediment was observed further downstreanm.
No TNT was observed at any site in the sediment, but the major hiclogical
trangformation products, rhe aminodinitrotoluenes, were observed. The
amounts found indicate that ac least 189 ng g"l of INT were sorbed at Sice
A, 24,2 ng g71 at Stive B, 1.4 ng g ! ar Site C, and less than 0.3 ng g !
at Site D. Our Phase II studies indicated that TNT would cramsform
rapidly in the presence of high microbial populations and added organic
nutrient. Therefore, it is not surprising to observe this transformation.
In the aqueous phase, however, we believe biologie transformation is nil
because of the low mierohial popularion.

I. Comparison Of Actual RDX Conceutrations To Those From The Simulation
of the Two~Dimensional Compartmentalized River System

The predicted and actual concentrations of RDX found along the
North Bauk, Center, and South Bank of the Holston River sappear in
Table 13.
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Table 18

PREDICTED AND ACTUAL CONCENTRATIONS {(ppb) OF RDX DETERMINED
IN THE HOLSTON RIVER

North Bank Center South Bank
Avg. Avg. Avg.
Site Predictead Found Predicted Found Predicred Found
A ( 0.1 km) 37.0 535.0 4.8 1.0 0,028 0.090
B { 4.5 km) 24.0 20.1 13.0 16.0 3.5 7.2
C (7.9 km) 16.0 14,1 12.0 12.0 6.0 6.0
D (33.0 km) 9.0 6.5 8.0 6.5 9.0 6.5

At Site A, the found RDX concentration on the North Bank is higher
than the predicted value becsuse a very high ROX coucentration huges the
North Bank. The higher predicted RDX concentration In the center of the
river and the predicted lower concentration at the South Bauk indicate
that the predicted lateral dispersion 1s faster than the actual rate at
Site A.

At Site B, the higher predicted Korth Bank RDX concentratiocn and the
lowz~ ‘edicted Center and South Bank RDX concentrations indicate that the
pred? i latarsl dispersion 18 beginning to approximate the sctual value.

However, at Site C, the predicred and actual values sgree quite
closely, indicating that the lateral flow rate has increased between Sites
B and €. This isg expected, since Site C is much shallower than Site B
(1.4 m versus 2.5 m).

At Site D, the one-dimensional compartmentalized rviver system has
been employed for 13 km, and complete mixing of the river is predictred.
The actual values confirm the river's homogeneity; however, they are
glightly lower than the predicted values. Part of the difference is
atrributable to further dilution from small imput streams, surface runcff
{rain ceccurred the night before the sampling at Site D}, and rain.
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The actual values demonstrate that lateral dilution {is the
controlling factor in predicting the RDY concentration at locatfions near
the HAAP. Once the river reaches a srteady state, we expect thar the HDX
concentration will remain comstant at any time of the day as long as
snvirzonmental condicions ere constant. Dilution, therefore, is the
primary factor in controlliug the RDX coucentration in the Holaston River,
and this phenomencu can adequately be described by the two-dimensional
compartaentalized river system.

J« Comparison Of Actual TNT Concentrations To Those From The Two
Dimensional Compartmentallzed River System

As stated previcusly, the low discharge level of TNT and the dilution
of wastestreams by the Holston River preveunted the collection of reliable
analytical data for model validation. However, since the two-dimensional
compartumentalized river system could adequately describe the diflution
processes im the Holston River, we can compare 2 few of the data points
found at Site B with those predicted by the model sinmulatvion.

‘The Table 15 data indicate low (0.05 ppb) TNT concentrations aloung
the North Bank (Sites B~1 to B-4) increasing ro 0.17 ppd near the center
of the river. The simulation results indicate concentrations of 1.4 ppb
on the Norcth Bank and 0.75 ppb in the center of the river during the time
of sawpling (12:00 P.M.). The wmuch lower found values compared to the
predicted values on the North Bank could arise from several factors. One
iz that the velocity of the water on the North Bank is much slower than
the veloclty in the center of the river. On a comparative basis for
waters traveling between pofints A and B, water near the banks travels much
slower than water in the middle of the river. The longer residence time
betveen the two points allows more rrausformation to occur, thus producing
INT concentrations lower tham those observed in the center of the river.
In the model simulation, average river fiow veloclity {8 used. Thus, for
accurate modeling of the North and South Banks, actual flow velocities
along these banks should be used.
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A second facter contributing to higher model~predicred values on the

North Bank is the use of an average river depth value ia the calculations
of the photochemfical rate constant. Since the Worth Bank waters bhegin at
“zero” depth and increase to anm “average™ depth, within this zero-to-
average depth rauge, the photochemical rate constant is higher than the
value used in the model simularion. Therefore, the simulation model will
again predict higher values than those observed. This can ba corrected in
the model by using phocochemical rate constants determined from shallower
depths.

In the center of the river, the predicted value {(0.75 ppb) and the
actual value (0.17 ppl) differ by approximately a factor of four. This
may Iindicate that the model simulation is beginning to approximate the
trangformation processes 1n the Holston River; more data polnts are
necessary to coufirm this expectation. In any case, z factor of four may
be a reasonable value when modeling real world enviromments.

K. Persistence of SEX, TAX, and ™MX in the Holstoun River

During the field srudy, SEX, TAX, and WMX were belng discharged
simultaneously with TNT and RDX. The EMX concentrations in the discharge
lines were low (4 to 60 ppb) and dilution from the Holston River reduced

the concentration of this couponent to below detection limits.

SEX and TAX, however, were obgerved at all sampling sites. Their
concentration profile paralleled that of RDX (Figure 12) and indicated
river homogeneity at Site D. From the available data, it appears that S5EX
and TAX will be persistent chemicals in the aquatic envircnment.
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¥V DISCUSSION

The results of this study indicate that cthe SBI model can be uged as
a predictive tool to estimate the concentrations of TNT and RDX in the
Holeron River. The SRI computer model proved to be reliable (fasctor of
1.5) for estimating RDX concentrations ian the one~dimensicnal comparc~
mentallized river system ar distances beyond 20 ke from the diacharge point
or at lotations where river homogeneity has been achieved. However, due
to the {ocomplete mixing of the Holston River at locations pear the
digcharge points, the one~dimensional compartmentalized river system could
not be used because a basic sssuaption within the model considers the
river compartment & well-mixed reaction vessel. Since the transfermatiom
processes that affect the persisrvence of INT had lowered the INT concen
tration below detection limits before river homogeneity could be achieved,
the ocue-dimensional model was not applied ro TNT.

Because of the incomplete zmixing of the Holston River near BAAP, a
two~dimensional compartmentalized river system was develeoped that trook
invo accounr the lateral dispersion of water across the Holston River.
When this model was applied to RDX, the predicted RDX concenctrations in
the North, South, and Center portions of the Holston River were im good
agreement with the actual values. Since BDX is a conservative chemical,
the two~dimensional compartmentalized viver system adequately describes
the dilution of RDX in the nondispersed reach of the Holston Riwver. The
nondispersion effect is dependent on the total river flow velocity and the
SRI model can be adjusted essily to account for thig effect.

Validation of the SRI model using TNY was prevented by the low input
concentraticns of TNY during rhe field study aud the poor dispersion of
the effluent stream from RDX lines 1~5 intc the Holstoon River. The dace
from the analysis of water samples showed lirtle penetratiom of TNT imto
the middle of the river and indicated that & rapld transformation of TRT
was occurring along the North Bank. The transformation rate appeared to
be more rapid then that which could be escimated by the wodel simulation.
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This discrepancy could be accounted for by the North Bank wsters
soving at a much slower rate than the rate rhat was messured at station A~
1, 25 feet from the shore (1.78 o? 871), Since the two-dimensional system
predicted an RDX coocentration of 37 ppb at startion A-1 and 212 ppb was
found, we %know that the lateral dJdispersion at statiomn A~1 was greatly
overestimated. Thiz indicsates that the RDX lines 1-5 wastewaters ave
close to the North Bank at station A~l and are woving at a flow hetween O
(shorelioe) and 1.78 w® s"!. Thus, the residence time of TNT {and RDX) im
the North Bank compartments may actually be longer than estimated with the
available data. Model validation could be achleved with TNT by allowing a
24-hour continuocus discharge through RDX lines 1-5 and by dbeginning to
collect samples atr 6:00 AM sr Site C followed by successive sampling at
locations downstream. In this way we would obtaln better analytical data
at higher coucentracions of TRY with which to compare with the predicted
values.

We 41id, however, obtain sufficient data to estimate a rraansformation
rate coustant for TNT bhetween Sites A and B. RDX was used as a marker
compcun& to estismste the lateral dilutieon factor between Sites A and B.
This factor was calculsted to de 10.4. The initial TNT coucentrarion at
Site A (3.3 ppb) is expected ro decrease to 0.31 ppb in the absence of
transformation. Since a TNY concentration of 0.17 ppb was found at Site B
4.5 Im), we estimated thatr 0.14 ppb of TNT underwent transformaction. The

chgerved transformacion rate constant was estimared as follows:

C
1&..-..2__. - k t
¢ 2

0.31
Inplis kp{O.llS days) (14)

1

5-2da--k
y P

If we asgume an average depth of 1.8 m bertween sites A and B and use
the thin filw-thick film cheory to correcr for dJdepth, the expected
photoysis rate censtant should be
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which 18 in good agreement with the measured value.

These results suggest that the laboratory wmeasurement of kp can be
uged reliably to estimare a value iIn the river. The good agrsement
between valueg of kp also indicate that other processes such as
biotransformatrion are not occuring to any extent. Bilotransformation did
occur in the sediment; however, dus ro the low microbial population in the
river, this process is not believed to be occurring to any extent in the
major portion of the river. Biotransformarion wmay occur in isolated

poola, but the overall loss would not be observed in che river.

That no INT is found in the sediments suggests that biotransformacion
is rapid in this compartment. FHow this affects the sorption parcicion
coefficient for TNT {s not known at this time. The sediment loading of
TRI transformation products does decrease between Sites 4 and D, which
reflects the lower aqueocus-phase concenrration of TNT reaching the
dowansrrean site.

A sumbetr of assumptlions used in this study deserve further comment.
Firgt, we have assumed that homogenelity of the Holston River will be
achieved at 20 km for the given flow rate. The predicted and ohserved
values for RDX at Site C are in reasonable agreement, which indicates that
this was a good assumptiocn. However, the observed and predicted value at
Sites A and B may have been in berter agreement {f lareral tranasport was
reduced. Thei, for predictimg pollutant concentration, the dependence of
complete mixieg (homogeneiry) on flow rate should be better understood for
modeling purposes.

Second, we have assumed pseudo-first~order kinetic behavior for the
photolysie of TRT. Our studies hsve shown that the photolysis depends on

other specles in narural waters {such &8s huailc scids), and the exact
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kinetic dependence is unknown. This sdded complexizy may casse mome
varistion ix the psendo~first-order vate constant at differsnt sswplisg
locations. The magnitude of error resolting from this assumpeion ia
urknown .

The envirouwsenral photolysis rate constant wes alsc measured &y noon
sod wan asaumed to decvease to zere fn the nighr and incrsase from zerv to
the noon value. Ve assume that this vise and fall of cthe rate ¢onstant
falloved a sisusoidal distribuatiom. We beliewve, however, that devisgcions
from this asssumption would produce an error oo grester then a facvor of
two, based on cur measurement of rate constants at unoon and 4:00 P.M. in
our laboratory.

We have assumad an zverage depth for the calcularion of the
envirommental photolysis rate constant. We belleve this {s & rveasomable
approxination omce TNY is discributed across the river. However, fn the
inirial stage, the discharge iz hugglag the Borth Bank where the deprh is
wuch lags than it iz further late the river. This will rend to increase
the phototransformation vate constant For that section of the river ontfd
average depth distribution is schiaved.

In conclusion, this study desonstrates chat wmodels can be uged to
reliably predict BBX concentration 4n the aquatic enviromment, and that,
therefore, they can be uwgeful in hazard assesements. Insufflelent data
were obtained to make a similiar claim for TNT, due to low imput concen~
tration during the colliection of field samples. However, from the data
that were obtaimed, we conclude that the simulation model will approxisate
sovironsental TNT concentrations im the Holstom River. This tendas to naks

the use of paseudo~first-order rate expressions creditable for describing
the loss &and wmovemeat of aquatic pollutaunts and suggests that the
laboratory determination of transforwation rate constants can be usefully

applied tu asquatic systess.

The study also demonstrates the wsuch graater complexity of a real
aguatic systea cospared o our simulated model viver and the need to
incorporate sore of the real-world complexity i{nto che plaaning of field
experiments and {ncerpratation of the dara. The great value of having a
conservative chemical available with which to trace out the flow

characteristics of the river is evident.
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